Introduction
W ork injuries in general and fatal work injuries in particular have decreased considerably in the past 2 decades in Finland 1 and in the European Union. 2 At the same time, consistent protective measures, such as more developed legislation, financial incentives for the employers, education, personal protection and improved work culture have been introduced. In addition, the structure of the economy has changed from more work injury prone agriculture and heavy industry to safer services. However, work injuries still remain an occupational health problem and a potentially avoidable source of ill health.
Most work injuries are due to falling, body movement with physical stress and body movement without any physical stress. 1, 2 Men, younger employees and those in lower occupational classes are more prone to work injuries. [2] [3] [4] [5] Certain occupations are particularly prone to work injuries, such as construction, food processing and agricultural and livestock work.
1 This is understandable, as different risk factors to work injuries are distributed unevenly between occupational groups. 4 Socio-economic inequalities in health including sickness absence tend to be large and consistent in Western countries. [6] [7] [8] [9] As work injuries and different risk factors of work injuries vary considerably between occupations, this suggests that socio-economic differences in work injuries tend to be large.
A recent World Health Organization report reviewed socioeconomic inequalities in injuries in general. 3 This report showed that there is a large amount of studies on injuries, which also cover socio-economic position as a background indicator. However, the studies vary considerably in their setting, injury type and socio-economic indicators. The studies were usually descriptive. Their results confirm that low socio-economic position, either at individual or community level, increases the risk of various types of injuries. However, we practically lack specific studies on socio-economic inequalities in work injuries. A Swedish study showed that manual workers have more injuries than salaried employees, taking into account work setting. 10 An American study showed that education is an individual risk factor for non-fatal work injury, even after various work-and occupation-related risk factors were taken into account. 11 In addition, very few studies have analysed the potential impacts of injuries on overall socio-economic health inequalities. No studies exist that have analysed education, occupational class and income together as socio-economic determinants of work injuries.
Medically confirmed sickness absence is a generic indicator of health 12, 13 and predicts future disability pensions 14, 15 and Socio-economic and occupational determinants of work injury absencemortality. 13, 16 Education, occupational class and income are interrelated to each other, 17 but they are also partly independent determinants of sickness absence. 18 In contrast to work injuries, overall sickness absence rates have increased in Finland. 19 However, few scientific studies have analysed work injury absence in more depth. There is need for research, as especially long sickness absence causes largest expenses to the employers and losses of income to the employees.
The aims of this study were: (i) to examine socio-economic position, i.e. education, occupational class and income, as determinants of work injury absence; (ii) to study how work injury absence contributes to overall inequality in sickness absence; and (iii) to identify groups and occupations particularly vulnerable to work injuries.
Methods

Data
This study is part of the Helsinki Health Study on health and well-being among employees of the City of Helsinki. 17 The City of Helsinki is the capital of Finland with 40 000 municipal employees. 20 The City of Helsinki operates mainly in health care, social welfare services, education, public transport and technical services. All permanent employees aged 25-59 years who were working full-time at the beginning of the year 2004 were included in this study and followed up until the end of 2007. Employees with part-time or secondary employment were excluded from the study. The study group included 16 471 women and 5033 men.
Individual-level information on the employees' sickness absence and its determinants was obtained from the personnel and sickness absence registers included in the information system of the City of Helsinki. The registers include precise information on all employees and their work contracts including employment periods and sickness absence spells in an accuracy of 1 day. If an employee had more than one employment period during 2004, information on education, occupational class and individual income and other determinants was gathered from the longest period. All sickness absence spells of the staff of the City of Helsinki for the years 2004-2007 were included in the study. Consecutive and overlapping sickness absence spells were combined. Only sickness absence spells covered by the actual working time were included so the time of the employment was taken into account for each employee. The mean follow-up time was 3.0 years.
The outcome used was !4 days sickness absence, for which the City of Helsinki requires a medical certification from all employees. Sickness absences were categorized to all-cause sickness absence, work injury absence and other-cause sickness absence. All-cause sickness absence includes the work injury absence and other-cause sickness absence categories. Eurostat has harmonized the registration of work injuries and uses work injuries that cause !4 days work disability as an outcome in follow-up and reports. 2 Analyses on work injury absence allow us to compare rates and contributions with allcause sickness absence.
Educational level was classified as high, if the employee had graduated from the upper secondary school. Intermediate school and comprehensive school were classified as intermediate level.
Employees with compulsory education only were classified as loweducation group.
Occupational class was classified into four categories according to the job title of each employee: managers and professionals, such as teachers and physicians; semi-professionals, such as nurses and foremen; routine non-manuals, such as clerical employees, child minders and home assistants; and manual workers, such as technical and cleaning workers. 21 The employees were divided into income quartiles according to their monthly individual salary from the employment for the City of Helsinki. The income covers only own wage or salary and does not include income from other sources, such as secondary employment, investment income or income transfers. Individual income depicts more closely the individual socio-economic position than full household disposable income. 22 Information on occupational titles in different departments was also obtained from the registers.
Methods
Age-adjusted relative risks (RRs) and their 95% confidence intervals (CIs) for each socio-economic position group were calculated using Poisson regression analysis in accordance with previous sickness absence studies. 15, 23, 24 Further analyses were made to examine measures of socio-economic position together. In addition, ageadjusted RRs were calculated for different occupations.
Also, inequality indices were calculated using Poisson regression models. In these analyses, indicators of socio-economic position were used as continuous variables as they are ordinal in nature and clear and consistent gradients are evident. In this way, a single index figure for the effect of each measure of socio-economic position on sickness absence was obtained. The inequality index has an interpretation as the average change in the RR of sickness absence for each level in each indicator of socio-economic position. The analyses were conducted in steps. Firstly, the age-adjusted gross effect of each indicator of socio-economic position on sickness absence was analysed. Secondly, the analyses were conducted with all three indicators of socio-economic position simultaneously to be able to assess the net effect of each indicator of socio-economic position at a time after taking account of the two other indicators of socio-economic position.
Net contribution of work injuries to the overall inequalities in sickness absence was analysed by assessing the reduction of inequality indices after excluding work injuries.
All analyses were performed separately for women and men using SAS statistical software, version 9.1.
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Results
Distributions and average numbers of sickness absence spells
Basic distributions and age-adjusted numbers of sickness absence spells are presented in table 1. About a half of the study group belonged to the highly educated group. Among women, the largest occupational class was routine non-manuals. Among men, managers and professionals and manual workers were largest occupational classes. Clear and consistent socio-economic differences were evident in all outcomes, showing that high education, occupational class and individual income were associated with lower numbers of sickness absence spells. The absolute amount of work injury absence spells was relatively low. Among women, work injuries caused 4% and among men 5% of all sickness absence spells.
Socio-economic differences in work injury absence
Next, socio-economic differences in work injury absence were analyzed in more detail using Poisson regression analysis, as presented in table 2. Clear and consistent socio-economic differences in the RRs were found in all measures of socio-economic position among both genders.
Among women, the differences were largest between occupational classes, as manual workers had 4.35 times higher RR as compared with managers and professionals. The differences attenuated clearly, when adjustments were made for other measures of socio-economic position. In the fully adjusted model, manual workers had still twice the RR of work injury absence as compared with managers and professionals. Also, individual income remained as an independent determinant of work injury absence among women, as the lowest-income group had 1.84 times higher RR as compared with the highest-income group.
Among men, the found socio-economic differences in work injury absence were even larger than among women. The differences were steepest between occupational classes, where manual workers had 6.15 times higher RR than managers and professionals. In the fully adjusted model, differences in education remained considerable, in occupational class large, whereas practically no individual effect remained in income.
Inequality indices for sickness absence
Inequality indices for sickness absence outcomes are presented in table 3. Among women, larger inequalities were present in work injury absence as compared with all-cause sickness absence. In the fully adjusted model, where education, occupational class and income were simultaneously adjusted for, the individual effect remained in all measures of socio-economic position. In the fully adjusted models, the individual effect of education and income were at the same level in work injury absence and all-cause sickness absence. However, the individual effect of occupational class was larger in work injury absence.
Consistent inequalities were also found among men. Inequalities were larger in work injury absence than in all-cause sickness absence. In the fully adjusted models, the independent effect remained in education, occupational class and income in all sickness absence outcomes. Among men, the inequalities in work injury absence remained much larger than in all-cause sickness absence. In work injury absence, the individual effect of occupational class remained strong, whereas the effect of individual income changed direction. We also calculated the contribution of work injury absence to the overall inequalities in sickness absence. If work injuries were eliminated altogether from all-cause sickness absence, no practical change in the total inequality by education or income would follow, but total inequality by occupational class would decline by 5% among women and 6% among men.
Occupational differences in work injury absence
Sickness absence rates in selected occupations were further analysed in tables 4 and 5. As the number of different occupations was high, results are presented for the largest occupations and for the occupations where the rates of work injury absence were highest and lowest.
Among women, bus drivers, cooks and hospital attendants had highest rates of work injury absence. Occupational therapists, assistant chief nurses and draughtsmen or designers had lowest rates of work injury absence.
Among men, youth mentors, firemen and janitors had highest rates of work injury absence, but the CIs were wide among youth mentors owing to their small number. There were several occupations, such as musicians, specialist teachers, special researchers or designers, that had no work injuries at all during the follow-up time.
In both genders, in high work injury groups, manual workers and routine non-manuals dominated. In low work injury groups, semi-professionals, managers and professionals were most common.
Discussion
This study examined socio-economic determinants of work injury absence and their contribution to overall inequality in sickness absence. In addition, specific groups and occupations for possible interventions were examined. Over 3 days long work injury absence spells were used as an outcome, in accordance with Eurostat recommendations. 2 The results showed that low education, occupational class and individual income predict high work injury absence during follow-up. Occupational class was the strongest determinant among both women and men. The socio-economic gradients were steeper among men than among women. The results were consistent with previous studies on sickness absence. 8, 9, 18, 24, 26 However, the socio-economic gradients were considerably steeper in work injury absence than in other-cause sickness absence.
When all three measures of socio-economic position were simultaneously entered to regression models, the results changed somewhat. The effect of education attenuated clearly, but still an independent effect was found. The finding is in accordance with previous study where occupational position and work activity were adjusted 11 but in contrary to a study where the effect of ergonomic stressors was taken into account. 5 Several possible explanations exist, but practically no studies have examined these in detail. Education may provide people better knowledge in health and work injuryrelated issues. Education might also help people comply with protective regulations, use protective measures or adopt safer practices. In addition, higher education might help people to advance in their occupational career to safer supervisory positions or work on administrative tasks within occupational groups.
Occupational class was the strongest predictor of subsequent work injury absence in both women and men, as found previously in allcause sickness absence. 18 This can be because of various reasons. Firstly, differences between occupations are very large, suggesting that certain manual and blue-collar occupations are more work injury prone than others, reflecting strong and direct causal effects of adverse working conditions as suggested by previous studies. 5, 11 Secondly, different occupations require different work ability. For example, a designer can be at work with a sprained ankle, but for firemen this is more difficult or might even be risky. Thirdly, previous research has found evidence on selection showing that people with better health could advance to better occupational positions but more strongly that better occupational position leads to better health. 27 Similar selection may apply also for work injuries. Additional analyses made by excluding employees with work injuries in the first year of the follow-up indicated that some selection occur if we focus on gross effects of each socio-economic position measure alone, but when analysing all socio-economic position measures together, the results divide (data not shown).
Education and occupational class basically explained the effect of individual income on work injury absence. In public sector work places in Finland, individual wages and salaries are basically determined by collective labour agreement, and by occupation, which in most of the cases requires certain educational qualifications. Education and occupational class precede individual income. Finnish legislation and compulsory insurance protects employees from adverse financial consequences of work injuries better than for other health problems. In addition, public sector as an employer provides, for example, easy access and free occupational health services to all employees.
Generally, the results of the independent effects of education, occupational class and individual income were in accordance with previous studies on sickness absence. 8, 9, 18, 24, 26 The findings on manual workers were also in line with a previous Swedish study. 10 No studies have examined the individual and simultaneous effects of these key socio-economic determinants on work injuries before. However, future studies should take account for physical and psychosocial working conditions, which have been shown to mediate the effects of education and occupational position to work injuries. 5, 11 The effect of work injuries on overall inequalities in sickness absence was limited. However, some potential for reducing inequalities exist, especially by occupational class. No studies have analysed this potential previously. Public sector in Finland represents post-industrial labour market, where less work is done in industry and agriculture, and more in services related to well-being, education and planning. The result could be different in less-developed economies, where protective measures, work legislation and other regulations and work culture are not as developed. The findings inside European Union show that there is still room for positive development in work injury prevention, 28 especially in Eastern European and certain Western European countries.
Very large differences in work injuries were found between occupations. Certain occupations, such as bus drivers, cooks, firemen, janitors, hospital attendants and kindergarten attendants were at high risk of work injury absence. All these occupations belong to lower than average education, occupational class and income groups. In contrast, numerous occupations with high educational requirements, such as specialist teachers, designers, musicians and instructors, had low or even no work injures at all. Most of these occupations can be regarded as professional specialists with independent job descriptions rather than supervisors or managers. This study had several strengths. The register-based data set was large and comprehensive, and can be regarded as reliable and accurate. The follow-up design for sickness absence incidence gives more insight into causal relationships than cross-sectional studies. There are also some limitations. The population comprises only public sector employees, although from a large workplace in Finland. One should thus be cautious in generalizing the results to the private sector or other countries. The number of men was lower than women, leading to smaller occupational groups and wider CIs among men. Using register-based data, no information was available on more proximate determinants of work injuries, such as psychosocial or physical working conditions.
The results of this study show clearly that inequalities in work injuries exist and they are large. Work injuries are potentially avoidable, as the results in selected occupations show, and they must be kept on the agenda in all workplaces. Work injuries can be reduced, for example, by adopting best practices, improving physical and psychosocial working conditions, adopting strict regulations and legislation and directing employers by financial incentives. Our findings suggest that to reduce both the absolute level and inequalities in work injuries, lower white-collar employees, manual workers and certain vulnerable occupations should be targeted.
More research is needed on the mechanisms and mediating factors through which socio-economic and occupational determinants affect work injury absence. Future studies could learn from other sickness absence and work injury research where more proximate explanatory models have been used. For example, specific work characteristics of professionals and semi-professionals could be studied in more detail. Large data sets are needed to enable the use of sophisticated statistical methods, as the work injury absence spells are infrequent events as compared with other sickness absence spells.
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Key points
Work injuries vary between socio-economic positions and are a potentially avoidable source of socio-economic inequalities Low education, occupational class and income predict subsequent work injury absence The socio-economic gradients were considerably steeper in work injury absence than in other-cause sickness absence Prevention of work injuries should be targeted to lower white-collar employees and manual workers as well as vulnerable and large occupations such as bus drivers, firemen, janitors and hospital attendants
